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Having a common language including well-defined termsand adherence to certain policies and procedures in the
management of patients with thymic malignancies is neces-
sary to facilitate progress. This is especially true for mini-
mally invasive resections. Different technical approaches
have been used,1,2 and a careful examination of results is
needed to understand the impact of the minimally invasive
approach itself, as opposed to other factors. For example,
during an open approach, most surgeons perform a complete
en bloc resection of the tumor and a complete thymectomy
with removal of the upper cervical poles and the surrounding
mediastinal fat3; whether this is done during minimally inva-
sive resections is hard to decipher at present.
This article identifies key aspects that should be re-
ported, common definitions that should be adopted and pro-
poses certain standard policies that should be adhered to
when performing a minimally invasive resection of a thymic
malignancy. These definitions and policies do not apply to
biopsies. These policies are not meant to stifle innovation; on
the contrary, they should facilitate progress by providing a
framework, so that experiences and outcomes can be com-
pared and analyzed more clearly. These standards have been
adopted by members of the International Thymic Malignancy
Interest Group (ITMIG), which is a worldwide collaborative
organization of individuals interested in mediastinal tumors.
METHODS
An initial work group of surgeons experienced in min-
imally invasive thymic resections was assembled to review
definitions, terms, and procedures in the existing literature for
minimally invasive thymoma resections (Alper Toker, Joshua
Sonett, Marcin Zielinski, Federico Rea, Victor Tomulescu,
and Frank C. Detterbeck). This work group formulated pre-
liminary recommendations, which were refined by an ex-
tended work group (Harmik Soukiasian, Jens Ru¨ckert, Mah-
moud Ismail, Jeffrey Port, and Paul Van Schil). These were
then debated among a large diverse group of specialists at an
ITMIG workshop, which was supported by the International
Association for the Study of Lung Cancer. After further
comments by the entire ITMIG membership, the definitions
and policies presented in this article were approved and
adopted as a standard to follow in reporting data and discuss-
ing outcomes by the members of ITMIG.
DEFINITIONS AND GENERAL PRINCIPLES
Definition of Minimally Invasive Surgery
Minimally invasive surgery of the thymus includes a
variety of access incisions, methods of exposure, visualiza-
tion, and equipment. This includes transcervical, extended
transcervical, video-assisted thoracoscopy, and robotic ap-
proaches (right or left, right and left, right and cervical, left
and cervical, subxiphoid and right and left, cervical, and
subxiphoid).4 Some have involved sternal lifting or rib
spreading and either direct visualization or viewing on a
video monitor.
We propose a broad definition, namely that a minimally
invasive thymectomy includes any approach as long as no
sternotomy (including partial sternotomy) or thoracotomy
with rib spreading is involved and in which a complete
resection of the tumor is intended (Table 1). This definition
should be applied in an “intent-to-treat” manner, including
cases in which the plan was to proceed in manner consistent
with this definition, even if it eventually resulted in conver-
sion to an open procedure (sternotomy or thoracotomy) or an
incomplete resection. A significant part of the resection
should be done looking at a monitor although it is acknowl-
edged that dissection of the superior aspects may be done by
direct vision through a cervical incision.
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Incisions and Exposure
The number, placement, and size of incisions should be
reported. Whether any sternal lifting was employed should be
noted. Removal of the xiphoid or a rib cartilage are accept-
able, if the procedure is carried out minimally invasively as
defined earlier but should be noted (Table 1).
Extent of Resection
Minimally invasive resection refers to the incision and
operative approach and should not degrade or change the
actual resection relative to what is deemed appropriate for an
open approach. The ability to achieve a complete resection is
the key factor for successful treatment. Incomplete resection
and debulking should not be considered acceptable for min-
imally invasive resections. Conversion to open surgery is man-
datory if this is the case. Because of the consistent strong data
regarding the importance of a complete resection, ITMIG pro-
poses that compromising this principle to perform a procedure
minimally invasively is not appropriate at this time.
Furthermore, because recurrences have been reported
in all large series even of stage I thymomas after complete
resection, all thymomas are considered malignant and, there-
fore, should be removed according to surgical oncologic
principles. Transcapsular invasion can be subtle and cannot
be detected by the surgeon; therefore, the tumor should be
resected with the surrounding thymus and fatty tissue rather
than be shelled out.5 If the tumor projects into the pleural
space, pleural metastases could be present, and the entire
pleural space should be searched for possible parietal and
visceral metastases. If present, they should be resected ac-
cordingly. Inspection of the pleural space is not necessary for
a tumor that is completely contained within the thymus and
removed without exposing the tumor.
The suggested procedure is a complete thymectomy for
patients without myasthenia gravis (MG) (complete removal
of the thymic gland) and an extended thymectomy for pa-
tients with MG (removal of the contiguous right and left
mediastinal pleura, mediastinal and pericardiophrenic fatty
tissues, and dissection of aorta-pulmonary window in addi-
tion to complete thymectomy). ITMIG proposes that resec-
tion of less than this is not considered appropriate for mini-
mally invasive approaches at this time (except perhaps in the
context of a clinical trial). A maximal thymectomy including
a neck dissection with sternal lifting methods has been
considered by some groups.6
Indications for Open Conversion
In one series, clinical and radiographic findings were
used to select patients for a video thoracoscopic thymoma
resection; markers of invasion such as phrenic or recurrent
laryngeal nerve palsy or major vessel invasion were a reason
to convert to open surgery.7 We propose that involvement of
the phrenic nerve, innominate vein, or other major vessels is
a contraindication to a minimally invasive approach, either if
diagnosed preoperatively or intraoperatively (at least until
further data are available). Furthermore, conversion to open
surgery is mandatory if any pathologic or surgical issue
would in any way be compromised or inadequate by mini-
mally invasive techniques.
CONDUCT OF THE OPERATION
General Approach
It is best to use a systematic approach to a minimally
invasive resection. Before any dissection, the thymoma
should be visualized, and the suitability for a possible mini-
mally invasive resection was assessed. If it is not adherent to
major vascular structures, the phrenic nerve, or the sternum,
the surgeon can proceed with a minimally invasive resection.
Resection of the thymus and thymic tumor should be ac-
cepted as the primary goal. The surgeon’s orientation is
maintained by working within defined borders, namely the
left and right phrenic nerves, the posterior sternal plate, the
pericardium, the subxiphoid space, and the neck. Fatty tissue
in the pericardiophrenic space and aortopulmonary groove is
either resected en bloc or separately. The thymoma should
not be resected separately from the thymus. The standard
policy should be to resect the specimen en bloc without
exposing the tumor at any point.
Intraoperative Handling of the Specimen
The thymoma should be resected using a “no-touch”
technique; this means it should not be grasped or squeezed
with retractors because of possible rupture of the capsule and
concern of an increased risk of pleural dissemination. Only
gentle retraction is recommended. Areas of potential tissue
disruption should be marked immediately as they are noticed
during dissection, both on the specimen and in the patient. An
unambiguous method of marking should be used; for exam-
ple, a simple clip may be a poor choice because most vessels
TABLE 1. General Principles for Minimally Invasive
Resection
1. A minimally invasive resection of a thymic malignancy should involve
no rib spreading or sternal cutting. The intent should be to perform a
complete resection, and a significant portion should be done with
visualization on a video monitor.
2. Resection should involve the thymoma, thymus, and mediastinal fat.
3. Dissection and visualization of innominate vein and both phrenic
nerves should be done.
4. Conversion to open is required if oncologic principles are being
compromised or violated: e.g., perforation of the capsule, incomplete
resection, risk of a discontinuous (not en bloc) resection, or disruption
of the tissues exposing the tumor.
5. The access incision for retrieval of the thymoma should be large
enough to prevent specimen disruption.
6. Exploration of pleura should be done if the thymoma invades the
mediastinal pleura.
7. Retrieval in the bag.
8. Examination of the removed specimen to assess for completeness of
the resection is required.
9. Communication with pathologist about suspicious areas is essential.
The issues are orientation of the specimen, marking of several routine
areas both on the specimen and in the patient, and identification of
areas of tissue disruption that were not “close” during the dissection.
Overall, the planned and or completed resection should not be diminished or
compromised in any way to accomplish the resection in a minimally invasive manner.
Opening should be considered standard expectation, and not a complication, if variation
from the planned resection is encountered.
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encountered during dissection are also managed with clips.
Furthermore, the area of disruption should be communicated
to the pathologist.8 Attention to the issue of tissue disruption
is particularly important during minimally invasive resection
and reporting it is important, so that the impact of such events
can be better understood.
Lymph Nodes
The incidence of lymph node metastases in thymoma
was reported to be 2% in a large Japanese series.7 In Masaoka
stage I disease, it was reported to be 0.4%.9 Approximately
90% of the involved nodes were located in the anterior
mediastinum. The policy toward lymph nodes during a min-
imally invasive procedure is the same as recommended by
ITMIG for open procedures.8 Any adjacent anterior medias-
tinal nodes or suspicious nodes should be routinely resected.
More extensive node assessment is indicated in higher stage
thymomas.8
Removal of Specimen
The specimen should always be extracted in a plastic
bag. Once the specimen is completely dissected, it should not
be allowed to drag across the mediastinum or pleura before
being placed in the bag. The specimen should be removed
through an access incision that is large enough, so that the
tissue around the specimen or the capsule is not disrupted
during extraction.
Operative Report
Reporting operative details are important for staging,
further treatment, and further imaging (Table 2). The opera-
tive report should specifically describe what was included in
the resected specimen and should specifically mention which
mediastinal structures were visualized (i.e., the right and left
phrenic nerves, the right and left mediastinal pleura, the
innominate vein, pericardium, superior vena cava, etc.). If
disruption of the specimen occurs during handling, this
should be noted in the operative report. Furthermore, it is not
uncommon to see hemostatic material on an early postoper-
ative computed tomography scan be confused with residual
thymoma or recurrence. Therefore, such details should also
be noted in the operative report.
HANDLING THE RESECTED SPECIMEN
The issues of proper assessment of the resected speci-
men are particularly challenging in minimally invasive resec-
tions but particularly important to document to evaluate the
results. Histologic findings are key determinants of prognosis
and postoperative management. Difficulties during intraoper-
ative orientation and retrieval may separate the fatty tissue
from the capsule of the thymoma when it is extracted from
the bag. Communication between the surgeon and the pathol-
ogist during the gross examination is essential to determine
the completeness of the resection.
Frozen sections can be of benefit to the surgeon to
assess the adequacy of margins when undertaking a complete
resection of an invasive tumor; however, interpretation of
these is very difficult. The surgeon must be aware that there
is general agreement that the frequency of false-positive and
false-negative frozen section interpretations is fairly high,
although accurate values are not available.8 Therefore, careful
evaluation of the resected specimen is crucial.
The surgeon should orient the specimen, just as in an
open procedure.8 Just as for an open resection, routine mark-
ing of the pericardial surface and innominate vein is recom-
mended, as well as the right and left mediastinal pleura and
the surface adjacent to the superior vena cava (SVC). The use
of a mediastinal board or diagram is suggested as a simple
and effective way to communicate with the pathologist about
the orientation and the nature and location of attached struc-
tures.8 A process of direct communication between the sur-
geon and the pathologist (or someone assisting with the
resection and someone from the pathology staff who is
preparing the gross specimen) is essential. This should in-
clude identification of any areas with a potentially close
margin and areas of tissue disruption that were not an issue
during resection.8 Routine video recording of the procedure
may be helpful in communicating areas of concern to the
pathologist. The actual processing of the specimen and re-
porting of results should be as proposed for specimens re-
sected using open approaches.8
Resection of fatty tissue with the thymoma is another
important issue in patients with myasthenia gravis. Patho-
logic analysis for extrathymic thymic tissue can be suggested
for these patients to develop a database for further research
studies toward the treatment of myasthenia gravis. Use of a
checklist in the pathologic evaluation of thymic epithelial
tumors may be helpful.10 The key points in this article and the
article on handling of specimens during open resection8
provide such a framework.
TABLE 2. Details of Intraoperative Report
The number, placement, and size of incisions (e.g., cervical incision)
Was any sternal lifting used?
Was the xiphoid or a rib cartilage removed?
Was any rib spreading, sternal splitting, or rib cutting done?
Is there invasion of adjacent structures of organs? These should be listed.
Which mediastinal structures were visualized (i.e., right/left phrenic
nerves, innominate vein, right/left mediastinal pleura, pericardium,
SVC, major vessels, A-P window)?
Extent of exploration: were the right/left pleural and pericardial cavities
visually inspected?
Details of the resected tissue (i.e., thymus, with attached adjacent
structures, adjacent fat, and nodes).
Was the thymic tumor resected en bloc? Was the surface of the tumor
exposed?
Which nodal areas were explored? Was systematic sampling or
lymphadenectomy performed?
Resection of fatty tissue (i.e., pericardiophrenic, mediastinal, cervical; en
bloc or separately resected?)
Suspected areas in close proximity to tumor and whether or not they were
marked (on the specimen and in the patient at the time of identification
during resection).
Hemostatic material used (type, amount, and where it was placed).
Reason of conversion to open approach.
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DISCUSSION
We need to be vigilant when observing and reporting
results with these still relatively new procedures to ensure
that outcomes are equivalent to those for the standard open
procedures. Despite a perception of a shortened hospital stay
and less pain, the benefit of these approaches compared with
open techniques is not yet well documented.11 Prospective
collaborative data collection would be of major benefit in
defining the value of these techniques (Table 3).
The goals of surgery are a complete resection with a
total thymectomy and complete exploration to rule out the
presence of noncontiguous disease, which may be resectable.
Capsular invasion can be subtle; and the completeness of
resection is of prime importance. Because recurrences may
not appear for many years, only time will tell if these
minimally invasive techniques are comparable with current
standard approaches.3 Resection of adjacent involved struc-
tures may be required, which may sometimes be possible by
minimally invasive techniques, depending on the surgeon’s
experience. However, we must be careful to firmly establish
the outcomes of minimally invasive approaches first in
straightforward cases before expanding the technical bound-
aries too rapidly. Minimally invasive resections of the
phrenic nerve and major vessels should be avoided at this
time. Division of the phrenic nerve by minimally invasive
techniques by itself may not be difficult. However, we think
it is best to avoid a minimally invasive approach, because
there are many associated unanswered questions (Have ap-
propriate steps been taken to preserve the nerve if possible?
Should the diaphragm be plicated? Is there involvement of
the SVC or pulmonary veins? Is there more risk of pleural
dissemination during a minimally invasive resection when
there is a close margin?). Taking on too many issues at once
has the potential to set the field of minimally invasive surgery
back; should bad outcomes occur, it becomes much harder to
continue to explore and figure out in which situations these
can be avoided.
CONCLUSION
A consistent and systematic approach to minimally
invasive procedures and data collection as outlined in this
article is needed to properly assess the role of this approach.
A common language is essential for sharing experiences
across different centers, and collaboration among institutions
is crucial because thymic malignancies and minimally inva-
sive resections are uncommon. This article establishes a
baseline regarding standard definitions, policies, and proce-
dures for minimally invasive thymoma resections.
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TABLE 3. Proposed Data Collection for Minimally Invasive
Thymoma Resection
1. Myasthenia gravis: Yes/No
a. If yes: MGFA stage and preoperative plasmapheresis or IVIG
2. Incisions: right/left/cervical/subxiphoid
3. Visualization direct through incision, on camera, both
4. Resected tissues in addition to thymoma and thymus:
pericardiophrenic fat tissue, mediastinal pleura (R/L), anterior
mediastinal lymph nodes, and cervical fat
5. Dissected, visualized, and explored: innominate vein, R/L phrenic
nerve, and R/L mediastinal pleura
6. Length of access incision for retrival
7. Resection: only thymoma, en bloc with thymus, en bloc with fat and
thymus, en bloc with cervical fat, and discontinuous resection of each
or some of these (not en bloc)
8. Lymph nodes: none, anterior mediastinal, paratracheal, subcarinal,
cervical; systematic sampling vs. node dissection




13. Duration of surgery
14. Duration of intensive care unit stay
15. Duration of postoperative stay
16. Conversion to open: Yes/No
IVIG, intravenous immunoglobulin; MGFA, Myasthenia Gravis Foundation of
America; R/L, right/left.
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